Abstract: In this study, the soil structure of two soil types (Haplic Chernozems and Eutric Fluvisols) in four ecosystems (forest, meadow, urban and agro-ecosystem) with dependence on humus substances were compared. The stability of dry-sieved and waterresistant macro-aggregates and micro-aggregates with a dependence on the proportion of humus substance fractions was determined. Quantity of humus substances influenced mainly water-resistant aggregates. A positive correlation was recorded between size fraction of 23 mm and contents of humus substances (P < 0.01; r = +0.710) and fulvic acids (P < 0.05; r = +0.634), and negative correlation between size fraction of 0.51 mm and contents of humus substances (P < 0.05; r = -0.613) and fulvic acids (P < 0.01; r = -0.711). Humic acids influenced mainly the formation of dry-sieved aggregates and fulvic acids played an important role in micro-aggregate formation. The quality of humus substances influenced more intensively the formation of dry-sieved aggregates. There were positive correlations between optical parameters of humus substances and humic acids and larger dry-sieved aggregates (37 mm) and negative correlations with smaller (0.53 mm). The highest proportions of larger size of water-resistant aggregates (1 20 mm) were in forest ecosystem, but smaller (0.251 mm) agreggates were dominated in agro-ecosystem.
INTRODUCTION
Organic matter is considered an essential element in the formation of aggregates [imanský 2011; Zeytin and Baran 2003] , and contrast formation of aggregates contributes to the stabilization of soil organic matter through physical protection within aggregates [Balabane and Plante 2004] . Relation between soil structure and organic matter is dynamic. The degree of organic matter decomposition affects the formation of soil aggregates and their stability [Bonde et al. 1988 . The stability of soil aggregates thus depends not only on quantity, but also quality of organic matter inputs [Tisdall and Oades 1982] . Soil structure of natural ecosystems is different from the soil structure of agro-ecosystems [imanský and Zaujec 2009; Zaujec and imanský 2003] . Natural ecosystems accumulate in the surface layer of soil more particulate organic matter in soil aggregates and also organic matter in the much more stabile fractions [Freixo et al., 2002] . Higher concentration of organic carbon and higher intensity of mineralization is often associated with fractions of macro-aggregates. By contrast, organic carbon in micro-aggregates is more physically protected and therefore a higher content of biochemical recalcitrant fraction leads to the formation of stabile micro-aggregates and lower intensity of decay inside the aggregates [Six et al. 2000] . Stabile organic compounds in soil are represented by humus substances and other macromolecules, which are naturally resistant against microorganisms activity or are physically protected inside the aggregates [Theng et al. 1989] . The subjects of this study are: i) assessment of the impact of humus substances on the formation of soil aggregates; ii) comparison of soil structure in ecosystems on Haplic Chernozems and Eutric Fluvisols.
MATERIALS AND METHODS
Localities of soil sampling are situated in Danube Lowland. Geological substrates of this area are Neogene clays, sands and gravels, which are in most areas covered with loess and loess loam. Along the river Váh and Nitra are fluvial sediments. The average annual temperature in the studied localities is 9.8°C and average sum of rainfall per year is 570 mm. In drier areas of the Danube Lowland oak forests are preserved and along the river Váh floodplain forests. In vegetation of agro-ecosystems cereals, especially Zea mays, Triticum aestivum, Hordeum vulgare are dominated; there are also Beta vulgaris, Helianthus annuus and Brassica napus var. napus. The experiment included two soil types Haplic Chernozems and Eutric Fluvisols and four ecosystems forest, meadow, urban and agro-ecosystem. The soil samples for determination of the quantity and quality of soil organic matter and soil structure were taken from the humus horizon in three replications. From the chemical properties, organic carbon by wet combustion according to the Tyurin method [Orlov and Griina 1981] , fractional composition of humus substances according to the Ponomarevova and Plotnikova method [1975] , the optical properties of humus substances [Orlov and Griina 1981] were determined. From the physical properties, soil structure drysieved macro-aggregates, water-resistant macro-aggregates according to the Baksejev method and micro-aggregates according to the Kaèinský method [Hrako 1962 ], index of aggregate stability [Henin et al. 1969] , the coefficient of vulnerability [Valla et al. 2000] , index of crusting and critical contents of soil organic matter according to Pieri [Lal and Shukla 2004] were determined. The obtained results were analyzed using statistical software Statgraphic Plus. In addition to basic descriptive statistical indicators for the evaluation of the relevance of various factors on the observed parameters, multi-factorial analysis of variance (ANOVA) was used. Differences between variants were assessed by Tukey test for significance level P<0.05. To determine interdependencies, correlation analysis was used. Minimum significant correlation coefficient was determined on the level of significance P<0.05 and P<0.01.
RESULTS AND DISCUSSION
Higher content of total carbon and nitrogen and narrower C:N ratio was in Eutric Fluvisols than in Haplic Chernozems (Table 1) . In soil profile of Eutric Fluvisols higher soil moisture was, due to the carbon contents were also higher here compared with dry Haplic Chernozems. The close relationship between soil organic carbon content and soil moisture were also recorded by Alvarez and Lavado [1998] , Meersmans et al. [2008] and Tobiaová [2010] . Conversely quality of organic substances assessed on the basis of the carbon of humic acids carbon to carbon of fulvic acids ratio (C HA :C FA ) and colour coefficients of humus substances (Q HS ) and humic acids (Q HA ) were higher in Haplic Chernozems than in Eutric Fluvisols. Dry conditions in Haplic Chernozems contributed to higher stabilization of organic matter, which confirmed the results of Denef et al. [2002] . Higher proportion of humic acids was in Haplic Chernozem, especially of fraction of humic acids bound with divalent cations. In the case of dry-sieved aggregates (Table 2) in Haplic Chernozems greater proportion of smaller aggregates from 0.25 to 5 mm was, while in the Eutric Fluvisols there were larger 520 mm aggregates. This may be caused just by a different quality of organic matter inputs in soil.
In Haplic Chernozem more stabilized organic substances dominated, as reflected in a higher proportion of smaller aggregates, which include more stabile component and vice versa in Eutric Fluvisols less stabile, so we also recorded a higher proportion of larger aggregates. According to Roberson et al. [1991] different fractions of organic matter participate on the formation and stabilization of aggregates. As organic matter is gradually stabilizing some binds break down and new create, thus larger aggregates may be by time to break down into smaller, in which organic matter is more stabilized. Therefore, higher content of smaller aggregates was recorded in Haplic Chernozem and larger in Eutric Fluvisols. In the case of water-resistant aggregates significantly higher proportion of fractions from 0.25 to 0.5 mm was in Haplic Chernozems.
From the ecosystems (Table 1 ) the highest content of organic matter was in forest ecosystem, but its quality was the highest in the agro-ecosystem, which is mainly the result of the impact of tillage on organic substances stabilization and application of manure, which also contains humus substances with a high degree of polycondensation [Nannipieri 1993] . Larger fractions of dry-sieved aggregates (320 mm) had the higher proportion in the urban ecosystem and vice versa smaller fractions (0.25 to 3 mm) dominated in the forest ecosystem. These are aggregates, whose stability have been changing over the change of soil moisture; due to this situation can be evaluated as positive. According to Tisdall and Oades [1982] in case of temporary and unstable aggregates mainly polysaccharides, roots and fungal hyphae are binding agents. Larger aggregates had higher proportion in the meadow ecosystem. In an urban and also meadow ecosystems grass vegetation was, so the formation of larger aggregates was conditional mechanically by plant roots. The greater stabilization of aggregates is in the natural ecosystem, due to this reason a higher content of smaller aggregates was here compared to urban ecosystem, which is confirmed by the study Barreto et al. [2009] . They also showed on a higher degree of aggregation under natural vegetation.
The forest ecosystem had the highest proportion of the fraction of humic acids bound with divalent cations, and also the fractions of dry-sieved aggregates of size from 0.25 to 3 mm was dominated here and from the water-resistant conversely the larger ones.
Formation of aggregates is influenced by the stability of soil organic matter. In the case of dry-sieved aggregates fractions larger than 3 mm were in negative correlation with the stability of organic matter and vice versa aggregates smaller than 3 mm was in positive (Table 3 ). Less stabilized organic matter supported production of larger aggregates, while more Explanations: HC Haplic Chernozems, EF Eutric Fluvisols, FE forest ecosystem, AL agro-ecosystem, ME meadow ecosystem, UE urban ecosystem, TOC total organic carbon, NT total nitrogen, C:N carbon and nitrogen ratio, C HA :C FA humic acids carbon and fulvic acids carbon ratio, Q HS colour coefficient of humus substances, Q HA colour coefficient of humic acids, HA 1 fraction of humic acids free and bound with mobile R 2 O 3 , HA 2 fraction of humic acids bound with Ca 2+ , HA 3 fraction of humic acids bound with mineral particles of soil and with stabile R 2 O 3 , SHA sum of humic acids, FA 1a free aggressive fulvic acids, FA 1 fraction of fulvic acids free and bound with mobile R 2 O 3 , FA 2 fraction of fulvic acids bound with Ca 2+ , FA 3 fraction of fulvic acids bound with mineral particles of soil and with stabile R 2 O 3 , SFA sum of fulvic acids. Explanations: HC Haplic Chernozems, EF Eutric Fluvisols, FE forest ecosystem, AL agro-ecosystem, ME meadow ecosystem, UE urban ecosystem, D dry-sieved macro-aggregates, W water-resistant macro-aggregates. TABLE 3. Correlations between soil organic mater parameters and dry-sieved and water-resistant macro-aggregates Explanations: * P < 0.05, ** P< 0.01; TOC total organic carbon, NT total nitrogen, C:N carbon and nitrogen ratio, C HA :C FA humic acids carbon and fulvic acids carbon ratio, Q HS colour coefficient of humus substances, Q HA colour coefficient of humic acids, HA 1 fraction of humic acids free and bound with mobile R 2 O 3 , HA 2 fraction of humic acids bound with Ca 2+ , HA 3 fraction of humic acids bound with mineral particles of soil and with stabile R 2 O 3 , SHA sum of humic acids, FA 1a free aggressive fulvic acids, FA 1 fraction of fulvic acids free and bonded with mobile R 2 O 3 , FA 2 fraction of fulvic acids bound with Ca 2+ , FA 3 fraction of fulvic acids bound with mineral particles of soil and with stabile R 2 O 3 , SFA sum of fulvic acids. Six et al. [2000] .
From the humus substances there were humic acids, which were in a positive correlation with the aggregates of size 0.53 mm, in particular, a fraction of humic acids bound with divalent cations (Ca 2+ , Mg 2+ ), with whose they form humates, which are small water soluble. Therefore they have importance in the aggregation process, when they create a thin layer on the surfaces of mineral particles, which act as binding agents in case of smaller aggregates. The stabilization of organic substances in the case of smaller aggregates also occurs through their bonds with the clay fraction [Jastrow 1996] . Such a bond is more stabile and more resistant against decomposition activity of soil organisms. Organic matter in smaller aggregates is protected through the inhibition of carbon oxidation [Hernanz et al. 2002] . In larger fractions of aggregates a greater proportion has sand fraction and in smaller aggregates fraction of clay. Organic matter, which is part of larger aggregates, is largely composed of particulate organic matter and there are also structural substances, which subject rather the process of mineralization than the stabilization. In the case of aggregate fraction of 0.251 mm a positive correlation with the fraction of fulvic acids bound with monovalent cations was found.
Formation of aggregates was strongly influenced not only by the quantity of humic acids, but also their quality (Table 3) . From the individual fractions positive influence on their stability, fraction of humic acids bound with divalent cations had. The more stabilized humic acids were, the higher proportion of aggregates from 0.5 to 3 mm was.
In case of narrower C:N ratio in soil organic matter, higher proportion of 37 mm aggregates was and in case of wider C:N ratio larger proportion of smaller 0.251 mm aggregates was. Rate of nitrogen mineralization is higher, thus over time the ratio of C:N extends to what also the results of Gregorich et al. [2003] showed. This also indicates the presence of fresh organic matter in the larger aggregates.
In the case of water-resistant aggregates (Table 1 ) correlation between the quality of humus substances and water-resistant aggregates of size <2 mm was observed. In case of the C HA :C FA ratio this correlation was positive and in the case of colour coefficients was negative. The higher the contents of nitrogen, fulvic acids fractions of free and bound with R 2 O 3 were, the smaller the content of water-resistant 0.25-0.5 mm aggregates was. Tisdall and Oades [1982] describe as permanent aggregates these, on whose formation degraded aromatic humus substances in connection with polyvalent metal ions, which are strongly bound to clay particles participate.
Micro-aggregates (Table 4) had a higher proportion in Haplic Chernozems (16.39%) than in Eutric Fluvisols (6.78%). It also shows on a higher proportion of stabile organic substances in the formation of smaller aggregates. According to Bedrna et al. [1968] in this case it can be the formation of micro-aggregates not only by adsorption on the surfaces, but also by diffusion of humus substances into interlayer spaces of clay minerals lattice. Aggregate fraction of 0.01-0.05 mm had higher proportion in Haplic Chernozems and all other fractions had higher contents in Eutric Fluvisols. The higher the total organic carbon and wider C:N ratio were, the higher proportion of micro-aggregates of fraction 0.010.05 mm was (Table 5). This fraction was also in negative correlation with fraction of fulvic acids bound with divalent cations (r =-0.691, P>0.01). From the ecosystems this fraction of micro-aggregates had the highest proportion in the forest ecosystem, in which the highest input of organic matter with a wider C:N ratio and higher content of fulvic acids were. Therefore, in these conditions micro-aggregates of size from 0.01 to 0.05 mm will have the highest proportion.
Overall, in the case of micro-aggregates fulvic acids play important role. Negative correlation was recorded between the proportion of micro-aggregates of size <0.001 mm and a content of free fulvic acids and bound with mobile R 2 O 3 (r =-0.594, P> 0.05) and positive correlation with a fraction of fulvic acids bound with divalent cations (r= 0.622, P>0.05) . Rehák and Janský [2000] described the formation of smaller micro-aggregates (<0.01 mm) as a result of cohesion forces, which are the result of a large number of contact points and surfaces in volu- me unit, and sodium or electrolytes contribute to increasing of cohesion. Through this mechanism just a fraction of free fulvic acids bound with mobile R 2 O 3 could participate in the formation of smaller microaggregate factions.
CONCLUSIONS
1. Proportion of larger dry-sieved macro-aggregates (>3 mm) was in negative correlation with the stability of organic substances and contrast, smaller macro-aggregates (<3 mm) in positive correlation. Quantity and quality of humic acids, in particular those, which are bound with divalent cations, was in positive correlation with the aggregates of size 0.5-3 mm. 2. Proportion of water-resistant aggregates of size fraction <2 mm was in positive correlation with the ratio of humic acids carbon to fulvic acids carbon and in negative correlation with colour coefficients. The higher the proportion of fulvic fractions of free and bound with R 2 O 3 was the smaller water-resistant aggregates content of size fraction 0.250.5 mm was. 3. In case of micro-aggregates negative correlation between the proportion of size fraction <0.001 mm Explanations: * P < 0.05, ** P< 0.01; TOC total organic carbon, NT total nitrogen, C:N carbon and nitrogen ratio, C HA :C FA humic acids carbon and fulvic acids carbon ratio, Q HS colour coefficient of humus substances, Q HA colour coefficient of humic acids, HA 1 fraction of humic acids free and bound with mobile R 2 O 3 , HA 2 fraction of humic acids bound with Ca 2+ , HA 3 fraction of humic acids bound with mineral particles of soil and with stabile R 2 O 3 , SHA sum of humic acids, FA 1a free aggressive fulvic acids, FA 1 fraction of fulvic acids free and bound with mobile R 2 O 3 , FA 2 fraction of fulvic acids bounded with Ca 2+ , FA 3 fraction of fulvic acids bound with mineral particles of soil and with stabile R 2 O 3 , SFA sum of fulvic acids.
and a fulvic acids of free and bound with mobile R 2 O 3 was recorded and positive correlation with fulvic acids bound with divalent cations. 4. In the forest ecosystem micro-aggregate fraction of size from 0.01 to 0.05 mm was dominated and also the content of smaller dry-sieved macro-aggregates fractions (0.253 mm) was the highest, and on the other hand larger fractions (3-20 mm) had the highest proportion in the urban ecosystem. In Haplic Chernozems a higher proportion of smaller dry-sieved macro-aggregates (0.255 mm) were, while in Eutric Fluvisols larger macro-aggregates (520 mm) were dominated.
